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Objective To comparatively assess the performance of three chromogenic agar plates,
CPS ID2, Chromogenic UTI, and USA, for the detection and enumeration of all urinary
tract pathogens and the direct identiﬁcation of Escherichia coli, Proteus mirabilis and
Enterococcus spp.
Methods Two hundred and forty-three urine specimens prospectively collected from
hospitalized patients were randomly inoculated in parallel on the three media.
Results Of the 243 urine specimens, 235 yielded positive cultures, of which 151 were
pure cultures and 84 were mixed cultures. CPS ID2, Chromogenic UTI and USA agar
gave detection rates of 99.1%, 97.1% and 96.6%, respectively. The main difference in non-
detection between CPS ID2 agar and the two new media concerned Staphylococcus spp.
strains. Based on the total number of strains detected (n¼ 348), the total identiﬁcation
rates of E. coli, P. mirabilis and Enterococcus spp. on CPS ID2 agar, Chromogenic UTI agar
and USA agar were 60.3%, 61.2% and 59.2%, respectively.
Conclusion The detection rates and identiﬁcation rates of the three media were very
close and only minor differences were noted. The lower detection rates for Chromogenic
UTI and USA were mainly due to their lesser ability to support growth of Staphylococcus
spp.
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INTRODUCTION
In 1976, Kilian and Bu¨low [1] were the ﬁrst to use a
selective chromogenic medium for the direct iden-
tiﬁcation of Escherichia coli in primary culture of
urine.
Later, several chromogenic media allowing the
direct identiﬁcation of Escherichia coli, Proteus mir-
abilis and Enterococcus spp. were marketed: CPS
ID2 agar (bioMe´rieux, Marcy l’Etale, France) [2–4],
CHROMagar Orientation (CHROMagar Micro-
biology, Paris, France) [5–7], UriSelect (Bio-Rad,
Marnes la Coquette, France) [7,8] and Rainbow
UTI (Biolog, Hayward, CA, USA) [7,9]. Recently,
an improved formula of Chromogenic UTI (Oxoid,
Dardilly, Germany)with regard to E. coli identiﬁca-
tion and notably to indole testing directly from the
agar [7,10], and a new chromogenic medium, USA
agar (AES Laboratoire, Combourg, France), were
marketed.
Several studies [5,11–13] have already demon-
strated that CPS ID2 has the same ability to detect
common urinary tract pathogens as the association
of Trypticase Soy Blood agar and MacConkey
agar, even in the diagnosis of low-count bacter-
iuria. The present study comparatively assesses
the performance of the three chromogenic media
UTI agar, USA agar and CPS ID2 agar, using the
same urine specimens and the same conditions,
the maximum rate (100%) for detection being the
total number of isolates obtained on the three
media.
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MATERIALS AND METHODS
Three commercially available chromogenic agar
plates, CPS ID2 agar, Chromogenic UTI agar, and
USA, were kept in the dark at 4 8C and tested as
recommended by the manufacturers. These media
are claimed to facilitate the following: (1) detection
and enumeration of all microorganisms commonly
involved in urinary tract infections (UTIs); (2) the
identiﬁcation of E. coli, Enterococcus spp. and P.
mirabilis/P. penneri; and (3) the classiﬁcation in the
Proteus–Providencia–Morganella group or in the
Klebsiella–Enterobacter–Serratia group. Identiﬁca-
tion is based on enzyme detection by means of
chromogenic substrates incorporated into the
agar, in association with rapid tests performed
directly on the colonies, such as enzymatic tests,
microscopic examination, and oxidase and cata-
lase detection (Table 1).
On the three media, E. coli strains yield pink–
purple colonies. Conﬁrmation of the identiﬁcation
of E. coli has to be performed by detection of indole
production (tryptophanase detection) using either
a dimethylaminocinnamaldehyde (DMACA) ind-
ole reagent for CPS ID2 agar and Chromogenic
UTI agar, or an isoamyl alcohol p-dimethylamino-
benzaldehyde reagent (Kovacs’ reagent) for USA
agar.
OnCPS ID2agar andUSAagar, blue colonies and
cocci in chains allow the identiﬁcation of Enterococ-
cus spp. For Chromogenic UTI agar, Enterococcus
spp. identiﬁcation is conﬁrmed by performing a
PYR spot test (i.e. detection of hydrolysis of L--
pyrrolindonyl-b-naphthylamide (PYR) substrate).
On the three media, strains of the Proteus–Pro-
videncia–Morganella group yield brown colonies
with or without addition of a drop of a ferric
perchloride solution (Table 1). Moreover, for all
three media, an indole test must be performed
on the brown colonies, allowing the identiﬁcation
of P. mirabilis/P. penneri, when the indole test is
negative.
Strains of the Klebsiella–Enterobacter–Serratia
group yield blue colonies on all media, and mor-
phology (bacilli) had to be conﬁrmed by direct
microscopic examination in order to differentiate
them from the blue colonies corresponding to
enterococci.
From April 2000 to July 2000, 243 urine speci-
mens were tested, most of them containing micro-
organisms as checked by direct microscopic
examination. Urine samples were prospectively
collected from hospitalized patients at hospital
clinics (Hoˆpital de l’Antiquaille and Hoˆpital de
la Croix Rousse, Lyon, France). The three plates
were randomly inoculated in parallel by the same
person with a 10-mL calibrated loop and incubated
aerobically at 36 8C for 18–24 h, and then for 48 h
when growth was insufﬁcient.
Enumeration was performed by quantiﬁcation
of the microorganisms as described by Clarridge
et al. [14]. Growth of one isolate of a possible
uropathogen at a concentration of 104CFU/mL
was considered signiﬁcant.
Rapid identiﬁcation was carried out as recom-
mended by the respective manufacturers. For spe-
cies which could not be directly identiﬁed,
conventional identiﬁcation was performed. For
each strain isolated, a conventional identiﬁcation
was performed by standard biochemical methods
using API systems (bioMe´rieux) and complemen-
tary tests as described previously [7]. Brieﬂy,
enterobacteria were identiﬁed using the API 20E
strip, and non-fermenters using the API 20NE
Enzyme detected CPS ID2 USA Chromogenic UTI
Enzyme activities detected directly in the agar (colony color for positive reaction)
b-glucuronidase þ (pink) þ (pink) – (pink)
b-galactosidase – – þ
Tryptophan deaminase þa (brown) þb (brown) þ (brown)
b-glucosidase þ (blue) þ (blue) þ (blue)
Enzyme activities detected by using complementary tests
Tryptophanase þ þ þ
Pyrrolidonyl arylamidase – – þ
aThe tryptophan deaminase activity is detected by adding a drop of a ferric
perchloride solution.
bThe tryptophan deaminase may require the addition of a drop of ferric
perchloride if the reaction is not spontaneously detected in the medium.
Table 1 Bacterial enzyme activities
detected by the three chromogenic
media
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strip. Staphylococci were identiﬁed by the coagu-
lase test (bioMe´rieux), the Pastorex Staph Plus test
(Bio-Rad) and/or the ID 32 Staph Strip. For blue
colonies suspected to be Enterococcus, growth on
bile esculin agar (Bio-Rad) with esculin hydrolysis
was performed. Yeasts were detected by direct
microscopic examination.
The 95% conﬁdence interval for the proportions
were obtained with the exact method [15].
RESULTS
Of the 243 urine samples plated in parallel on the
three media, eight yielded no growth and 235
yielded growth on at least one of the three media.
Of these 235 culture-positive samples, 151 yielded
pure cultures of organisms and 84 yielded mixed
cultures (57 with two organisms, 25 with three
organisms and two with four organisms).
In total, 348 organisms were isolated on at least
one medium and identiﬁed (Table 2). E. coli, P.
mirabilis and Enterococcus spp. were isolated at a
total rate of 64.4% (95% CI¼ 58.2–70.0).
Owing to the easy differentiation of the different
bacterial colonies on the three chromogenic media,
an enumeration of the 348 organisms could be
performed. Of the 348 organisms, 329 (94.5%)
(95% CI¼ 89.3–95.7) gave a concordant enumera-
tion (difference¼ 1 log) on the three chromogenic
media, and 19 gave a discordant enumeration on at
least one medium (difference¼ 2 log). The main
difference in non-detection between CPS ID2 agar
and the two new media concerned Staphylococcus
spp. strains (Table 2). On Chromogenic UTI agar
and on USA agar, six (23%) and four (15%) (95%
CI¼ 9–43.6 and 4.4–34.9), respectively, of the 26
Staphylococcus strains isolated did not grow. More-
over, two of these Staphylococcus strains (one S.
aureus strain and one S. xylosus strain) that were
undetected on Chromogenic UTI agar were
detected on the two other media at 104CFU/mL,
and one S. hemolyticus strain that was undetected
on Chromogenic UTI agar and USA agar was
detected at 104 CFU/mL on CPS ID2 agar. The
other undetected strains yielded only one-to-ﬁve
colonies on the other media; this might be a con-
sequence of the random seeding. Eight urine sam-
ples contained two E. coli variants. Variants were
deﬁned as E. coli strains that gave different colony
morphology or colors (pink and white). On CPS
ID2 agar, Chromogenic UTI agar, and USA agar,
variants were detected in eight, ﬁve and six urine
Table 2 Nature, number and percentage of organisms recovered from 243 urine specimens on the three media and 95% CI
No. (%) of microorganisms detected and 95% CI
Species Any mediaa CPS ID2 Chromogenic UTI USA
Escherichia coli 146 144 146 142
Enterococcus spp. 61 61 61 59
Proteus mirabilis 17 17 15 16
Candida spp. 6 6 6 6
Klebsiella spp. 20 20 20 20
Indole-positive proteae 9 9 9 9
Enterobacter spp. 11 11 11 11
Serratia spp. 1 1 1 1
Citrobacter spp. 7 7 7 7
Pseudomonas aeruginosa 20 20 20 20
Stenotrophomonas maltophilia 1 1 1 1
Aeromonas hydrophila 1 1 1 1
Staphylococcus aureus 5 5 4 5
Coagulase-negative
staphylococci
21 21 16 17
Streptococcus spp. 3 3 2 3
Streptococcus agalactiae 8 7 8 7
Corynebacterium spp. 2 2 1 2
Lactobacillus spp. 8 8 8 8
Gemella spp. 1 1 1 1
Total 348 (100) 345 (99.1) 338 (97.1) 336 (96.6)
(97.0–99.8) (93.7–98.3) (92.9–97.8)
aTotal number of microorganism strains detected on at least one of the three media.
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samples, respectively. Two E. coli variants isolated
on the three chromogenic media had major differ-
ences in antibiotic susceptibilities (concerning b-
lactamines and quinolone).
The results of identiﬁcation of Escherichia coli, P.
mirabilis and Enterococcus spp. and of classiﬁcation
of the microorganisms in the Proteus–Providencia–
Morganella indole-positive group and in the Kleb-
siella–Enterobacter–Serratia group were 93.6%,
94.7% and 91.7% for CPS ID2 agar, Chromogenic
UTI agar and USA agar, respectively. Concerning
direct identiﬁcation of E. coli, sensitivities estab-
lished on the 146 E. coli strains isolated were 94.5%
(95% CI¼ 88.4–97.3), 96.6% (95% CI¼ 89.5–97.8)
and 92.5% (95% CI¼ 85.7–95.8) for CPS ID2 agar,
Chromogenic UTI agar and USA agar, respec-
tively. On the three media, Enterococcus spp.
yielded the typical blue color of b-glucosidase-
positive colonies. On Chromogenic UTI agar, a
precise genus identiﬁcation of Enterococcus by
means of an additional PYR test was proposed.
The PYR test was performed on 55 clinically sig-
niﬁcant isolates of the 61 isolates yielding blue
colonies and cocci in chains. This test was positive
for 54 of 55 Enterococcus spp. strains, and negative
for one E. avium strain (false-negative strain) and
three b-glucosidase-positive Streptococcus spp.
(true-negative strains). Concerning the identiﬁca-
tion of proteae, one isolate of indole-negative pro-
teae on CPSI D2, and two isolates of indole-
negative proteae on both Chromogenic UTI and
USA agar, were misidentiﬁed as producing indole.
These strains were isolated in association with
another indole-positive strain: either an E. coli
strain or an indole-positive proteae strain. The
three chromogenic media reduced equally well
the swarming of the Proteus spp. isolates, thus
facilitating discrimination of the different species
in mixed culture.
Based on the total number of strains detected
(n¼ 348), the total identiﬁcation rates of E. coli, P.
mirabilis and Enterococcus spp. on CPS ID2 agar,
Chromogenic UTI agar and USA agar were 60.3%
(95% CI¼ 54.1–66.1), 61.2% (95% CI¼ 55.0–67.0),
and 59.2% (95% CI¼ 53.0–65.0), respectively.
DISCUSSION
The detection rates for the three media were simi-
lar, with a lower detection rate for Staphylococcus
spp. with Chromogenic UTI agar and USA agar.
Concerning the abilities of the three media to
directly identify E. coli, E. spp. and P. mirabilis/
P. penneri, only slight differenceswere observed. In
a previous study [7], Chromogenic UTI agar failed
to identify E. coli strains, since the indole reaction
could not be applied on this medium. In fact, on
both media detecting either a b-glucuronidase or a
b-galactosidase enzyme, the identities of all pink
colonies should be conﬁrmed by an indole test,
since, depending on the medium, certain Salmo-
nella, Shigella, Citrobacter and Enterobacter strains
may also be stained pink, but are indole negative
[5]. The new formula tested here has apparently
resolved this problem, since, in this study, Chro-
mogenic UTI agar shows the highest E. coli identi-
ﬁcation sensitivity. Chromogenic UTI agar uses a
b-galactosidase enzyme for E. coli identiﬁcation,
and the higher sensitivity of this enzyme in com-
parison with the b-glucuronidase enzyme has
been previously demonstrated [5]. However, this
enzyme is less efﬁcient in the detection of variants
[7]. These different colony types might be variants
of single infecting strains caused bymutation or by
growth phase [4,16], but the necessity to detect
them is important when these variants have dif-
ferent antibiotic susceptibilities.
On Chromogenic UTI agar, the PYR test failed to
identify, at the genus level, one E. avium strain but
it improved the performance of identiﬁcation of
Enterococcus spp. at the genus level for three b-
glucosidase false-positive Streptococcus spp.
This study conﬁrmed the following several
advantages of chromogenic media [7]: (1) the cap-
ability to prevent swarming of Proteus spp.; (2) the
greater differentiation of colonies in mixed cul-
tures; and (3) the direct identiﬁcation of about 60%
of the encountered UTI pathogens in our labora-
tory, which saved reagents, time and benchwork.
Although a detailed cost–beneﬁt evaluation was
not carried out in this study, it is clear that in
developed countries, where the processing time is
very expensive, chromogenic media can be eco-
nomically advantageous [7].
In conclusion, the detection rates and identiﬁca-
tion rates of the three media were very close, and
only minor differences were noted. CPS ID2 agar
showed the best growth performance but a slightly
lower identiﬁcation rate for E. coli. Chromogenic
UTI agar showed a lower detection rate than CPS
ID2 agar, notably for coagulase-negative Staphylo-
coccus, but the best direct identiﬁcation perfor-
mance. USA agar needs slight improvement in
growth and in direct identiﬁcation.
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